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Background and purpose: Associations with multiple sclerosis (MS) of living
conditions in childhood and characteristics in adolescence including physical
ﬁtness, cognitive function and psychological stress resilience were investigated.
Methods: A cohort of male Swedish residents born 1952–1956 who were
included in the Swedish Military Conscription Register was used to create a
nested casecontrol study comprising 628 MS cases and 6187 controls
matched on birth year, county of residence and vital status at time of diagno-
sis. Conscription examination records were linked with other national register
data. Conditional logistic regression was used to evaluate associations with
MS subsequent to the conscription examination.
Results and conclusions: Men with MS were less likely to be from more
crowded households in childhood (>two persons per room) with an adjusted
odds ratio of 0.67 (95% conﬁdence interval 0.51–0.86, P = 0.023). They had
lower physical working capacity in adolescence with adjusted odds ratio of
0.94 (95% conﬁdence interval 0.89–0.99, P = 0.026). Cognitive function and
stress resilience scores displayed no signiﬁcant diﬀerences between cases and
controls. Parental occupation in childhood and body mass index in adoles-
cence were not associated with future MS risk. The inverse association of MS
risk with higher levels of household crowding may reﬂect environmental fac-
tors such as the pattern of exposure to microorganisms. Lower physical ﬁtness
in men at MS risk may indicate a protective eﬀect of exercise or could be due
to prodromal disease activity, although there was no association with cognitive
function. Poor psychological stress resilience (and thus risk of chronic stress
arousal) was not associated with MS.
Introduction
Multiple sclerosis (MS) is an immune-mediated dis-
ease with typical onset in young adults. A variety of
genes have been associated with MS risk, but associa-
tions with environmental exposures indicate the
importance of geneenvironment interactions [1–3]. It
is well established that MS prevalence increases north
and south from the equator [4] and migrants from a
high to a low incidence area retain their native risk
only if migration occurs after 15 years of age. These
ﬁndings suggest that environmental factors in child-
hood or adolescence are important in determining life-
time MS risk [4].
There is evidence that the pattern of pre-adulthood
exposure to infectious agents is implicated in MS
aetiology. An atypical pattern of Epstein–Barr virus
(EBV) infection is overrepresented in MS [5] and
Correspondence: M. Gunnarsson, Department of Neurology and
Neurophysiology, Faculty of Medicine and Health, O¨rebro
University, SE 701 82 O¨rebro, Sweden (tel.: +46-19-303110;
fax: +46-19-6116970; e-mail: martin.gunnarsson@oru.se).
© 2015 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology. 1131
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.
The copyright line for this article was changed on 30 June 2015 after original online publication.
O R I G I N A L A R T I C L E
E
U
R
O
P
E
A
N
J
O
U
R
N
A
L
O
F
N
E
U
R
O
L
O
G
Y
antibody reactivity against EBV nuclear antigen-1
seems to be associated with increased MS risk, sug-
gesting an altered immune response to the virus in
susceptible individuals [6]. Interaction with 25-hydrox-
yvitamin D status and EBV infection has recently
been proposed to inﬂuence the immune response and
modulate MS risk [7].
Lifestyle factors such as smoking and obesity have
also been associated with increased risk of developing
MS [8–11], whilst alcohol has been associated with
reduced MS risk [12], but not in all studies [13]. Find-
ings on parental socioeconomic circumstances and
stressful life events during childhood are inconsistent
[14–18] but some studies may have been limited by a
lack of prospectively collected information.
Here prospectively recorded Swedish register data
were used to examine associations of familial and per-
sonal characteristics in childhood and adolescence
with adult-onset MS amongst a representative sample
of men in a nested case–control study. Childhood cir-
cumstances were captured through information on
parental occupation and household crowding, which
is relevant to a variety of exposures, including pattern
of exposure to microorganisms. A compulsory mili-
tary conscription examination in late adolescence pro-
vided several measures. Stress resilience, indicating
susceptibility to psychological stress, was assessed
through interview by a psychologist and has previ-
ously been used to assess the role of stress in the aeti-
ology of other diseases [19]. MS may have a long and
silent natural history, so damage to the central ner-
vous system may occur prior to diagnosis. Therefore,
putative pre-diagnostic inﬂuence on cognitive and
physical function was examined. Exercise may, how-
ever, also protect from inﬂammatory disease [20].
Thus, physical working capacity and body mass index
(BMI) were included in the study.
Methods
The study took its subjects from a cohort of 284 198
men born between 1 January 1952 and 31 December
1956 that were included in the Swedish Military Con-
scription Register. Men in this cohort had their con-
scription examinations in the 1970s, except for 80
men in 1969 and 1163 men in the 1980s. Examina-
tions were performed at ages 18 and 19 years, with a
small number at later ages. At that time, assessment
for military service was compulsory in Sweden.
Fewer than 4% of men were excluded from the
enlistment examination due to chronic illness or
disability.
In the cohort of 284 198 men, 2564 were excluded
due to data inconsistencies such as errors in the
personal identiﬁcation number, female sex or uncer-
tain vital status. Further, 182 men were excluded
due to improbable measures at the conscription
assessment: height <144 cm (n = 39), BMI below 15
(n = 134) and weight above 178 kg (n = 9). Individu-
als with MS, optic neuritis or demyelinating disease
at the time of conscription examination in adoles-
cence were also excluded as the study assessed MS
risk after this time. The sample eligible for inclusion
after the conscription examination date comprised
281 268 men. Next, men with missing data for cova-
riates used in the analysis (n = 36 311) and potential
controls with diagnoses of optic neuritis (ICD-8,
367; ICD-9, 377D, 377.3; ICD-10, H46) or demye-
linating disease (ICD-8, 341; ICD-9, 341; ICD-10,
G36, G37) (n = 200) were excluded. The sample
available for generating a nested case–control study
comprised 244 757 men.
Approximately 4% of the potential subjects did not
attend the assessments due to chronic illness, disability
or because they were not Swedish citizens. Amongst
the remaining men with missing data approximately
76% had health conditions that resulted in their being
classiﬁed as medically or intellectually unﬁt for mili-
tary service, and therefore they did not undergo some
further conscription examinations resulting in missing
data. Thus, the cohort is somewhat selected for better
health in adolescence.
Multiple sclerosis cases and matched controls
Multiple sclerosis was deﬁned using ICD-8, 340; ICD-
9, 340; ICD-10, G35 codes from the Swedish National
Patient Register (NPR), with information on inpatient
and outpatient diagnoses [21,22]. The register attained
full coverage in 1987 and outpatients were added in
2001. The analysis is based on both primary (n = 572)
and secondary (n = 56) incident MS diagnoses (cases,
n = 628) identiﬁed through prospectively recorded
data from the NPR within a time window that
spanned from the date of conscription examination
until 31 December 2009.
For the analysis, a nested case–control study data
set was generated from the cohort. For each case (a
man with an MS diagnosis), 10 controls (in some
risk sets fewer than 10 controls were identiﬁed) were
selected at random amongst members of the cohort
who were alive, resident in Sweden and without MS
diagnosis. The controls were matched individually
with cases by vital status at MS diagnosis (controls
were alive and living in Sweden), as well as birth
year and county of residence in 1970. The county
of residence measure comes from the 1970 popula-
tion census as the classiﬁcation corresponds to the
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administrative boundaries used to determine which
speciﬁc disease coding system is used (these varied
over time).
Measures
Swedish Military Conscription Register
The Swedish Military Conscription Register [23]
records extensive and standardized physical and psy-
chological examinations by physicians and psycholo-
gists. Measures included height (cm) and BMI (kg/
m2). A physical working capacity score was assessed
using a cycle ergonomic test performed after evalua-
tion of the resting electrocardiogram and medical his-
tory. A 5-min submaximal test was directly followed
by a maximal test with gradually increasing load
until exhaustion. The results were transformed into
scores from 0 (lowest) to 9 (highest). A stress resil-
ience score was determined from a psychological
examination that assessed the potential ability to
cope with stress, based on the ability to control and
channel nervousness, tolerance of stress and disposi-
tion to anxiety, based on reported prior experiences
in everyday life [24]. The scores were grouped into
low (1–3), medium (4–6) and high (7–9) stress resil-
ience. A cognitive function score comprised four sub-
tests, linguistic understanding, spatial recognition,
general knowledge and ability to follow mechanical
instructions, and was transformed into a single score
(1–9). A summary disease score (0–9) denotes the
presence and severity of disease relevant to the capa-
bility to undertake military duty. The scores were
classiﬁed into ﬁve groups ranging from 0 (very signif-
icant problem) to 9 (no diagnosis).
Erythrocyte sedimentation rate (ESR) and erythro-
cyte volume fraction were recorded to assess systemic
inﬂammation.
Socioeconomic and demographic characteristics
Demographic data, including information on vital
status and emigration, were provided by the govern-
ment organization Statistics Sweden using the Total
Population Register [25]. Markers of material and
social circumstances in childhood were taken from
the 1960 census. Household crowding during child-
hood was calculated (people per habitable room)
and transformed into quarters of its distribution.
Number of siblings of the study participants was
recorded. Occupation of the head of household was
classiﬁed as manual, agricultural, farm owners/man-
agers, oﬃce workers, business owners/managers and
others.
Statistical analysis
Descriptive statistics included frequencies, propor-
tions, means and median values. Conditional logistic
regression was used to examine unadjusted and
adjusted associations between MS with onset after the
conscription examination with characteristics in child-
hood and adolescence. The matched analysis took into
account birth year and the 25 counties of residence, as
well as the age at MS diagnosis. The main model
included the following measures: household crowding,
parental occupation, BMI, summary disease score
(modelled as categorical variables); and height, stress
resilience score, physical working capacity and cogni-
tive function score (modelled as continuous variables).
The functional form of the measures was explored
using multivariable fractional polynomial modelling
[26]. This analysis indicated a linear relationship with
the log odds of the association with the outcome for
height, stress resilience score, cognitive function score
and physical working capacity score, and these were
therefore modelled continuously.
In the initial analysis both number of siblings and
household crowding were included in the same model,
but due to collinearity between these measures the
number of siblings was dropped as household crowd-
ing explained more of the variance. ESR (as a marker
of systemic inﬂammation) adjusted for erythrocyte
volume fraction was also included in the models, but
due to a lack of association with MS and no notable
inﬂuence on the other associations it was not included
in the ﬁnal model. A sensitivity analysis was per-
formed by excluding cases with MS (and their
matched controls) diagnosed within 5 years from the
conscription examination to reduce the possibility that
associations are being driven entirely by MS with
onset soon after the conscription examination.
The statistical software used was Stata version 12/
SE for Windows (StataCorp, College Station, TX,
USA). Tests were two-sided and statistical signiﬁcance
was deﬁned as P < 0.05 and 95% conﬁdence intervals
(95% CI) that do not include 1.00.
Results
The characteristics of the study population comprising
628 men with MS (cases) and 6187 men without MS
(controls) are described in Table 1. Cases tended to
come from less crowded households and were slightly
taller. MS cases had a lower physical working capac-
ity score and were more likely to have a summary dis-
ease score indicating the presence of other diagnoses.
In all analyses, the matched design takes into
account year of birth, region of residence and age at
© 2015 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.
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MS diagnosis. Table 2 shows that lower household
crowding in childhood (at ages 4–8 years) has a dose-
dependent association with MS risk, such that the
greater the crowding, the lower the risk of MS. Taller
stature in adolescence is signiﬁcantly associated with a
higher risk of MS and there was a less notable associa-
tion with raised MS risk for lower physical working
capacity scores. Associations with the summary disease
score indicate that MS cases were more likely to have
other diagnoses in adolescence. The above associations
remained statistically signiﬁcant in the adjusted model,
except for the summary disease score which had mar-
ginal signiﬁcance overall and was signiﬁcant only for
the ‘signiﬁcant problem’ category. BMI (at ages 18–
19 years) as a categorical variable was not statistically
signiﬁcantly associated with MS. In a sub-analysis,
BMI was modelled as a continuous variable and there
was a modest association with MS in the adjusted (but
not unadjusted) analysis, producing an adjusted odds
ratio of 1.03 (95% CI 1.00–1.06). No notable associa-
tions were observed for cognitive function and stress
resilience score in adolescence or head of household’s
occupation in childhood.
When ESR was examined with adjustment only for
erythrocyte volume fraction, or in the multivariate
model, no statistically signiﬁcant associations were
observed and its inclusion did not alter any of the
other associations at the level of precision reported in
the tables. Compared with 1 mm, the adjusted odds
ratios were 0.86 (95% CI 0.70–1.06), 1.06 (95% CI
0.73–1.53) and 1.31 (95% CI 0.83–2.05) for 2–6 mm,
7–10 mm or over 10 mm, respectively. In post hoc
analyses speciﬁc diseases that explain the association
of the summary disease score with MS risk could not
be identiﬁed. The broad category containing inﬂam-
matory diseases of the skin and connective tissue was
somewhat overrepresented in cases (data not shown),
but no ﬁrm conclusions could be drawn. The exclu-
sion of MS diagnoses in the 5 years following the con-
scription examination did not alter any of the results
notably (data not shown).
To assess potential selection bias due to missing val-
ues from the conscription assessment, the association
of household crowding in childhood with MS risk was
examined amongst all available subjects. The associa-
tions were virtually unaltered (data not shown) sug-
gesting almost no selection eﬀect of missing values for
this ﬁnding.
Discussion
The present study shows that individuals living in
more crowded households during childhood (at ages
4–8 years) were less likely to develop MS. No evi-
dence was found of associations with impaired cogni-
tive function or lower stress resilience in late
adolescence, but cases already had somewhat lower
physical ﬁtness in adolescence, prior to their MS
Table 1 (a) Characteristics of the cases and controls, categorical
variables. (b) Characteristics of the cases and controls, continuous
variables
Controls Cases
P valueN = 6187 N = 628
(a)
Household crowdinga (persons/room) 1960 census
0.2–1.25 1532 (24.8) 189 (30.1) 0.007b
1.29–1.67 1917 (31.0) 195 (31.1)
1.71–2 1372 (22.2) 134 (21.3)
2.14–13 1366 (22.1) 110 (17.5)
Head of household’s occupation 1960 census
Manual worker 2592 (41.9) 243 (38.7) 0.438b
Agricultural worker 235 (3.8) 23 (3.7)
Farm owner/manager 619 (10.0) 72 (11.5)
Oﬃce worker 1690 (27.3) 190 (30.3)
Business owner/manager 696 (11.2) 67 (10.7)
Other 355 (5.7) 33 (5.3)
BMI categories (kg/m2)
Underweight (<18.5) 732 (11.8) 72 (11.5) 0.967b
Normal weight (>18.5, <25.0) 5022 (81.2) 509 (81.1)
Overweight (>25.0, <30.0) 376 (6.1) 41 (6.5)
Obese (>30.0) 57 (0.9) 6 (1.0)
Summary disease score
Very signiﬁcant problem (0) 325 (5.3) 31 (4.9) 0.019b
Signiﬁcant problem (2–3) 194 (3.1) 32 (5.1)
Fairly signiﬁcant problem (4–5) 468 (7.6) 62 (9.9)
No serious problem (6–8) 2515 (40.6) 248 (39.5)
No diagnosis (9) 2685 (43.4) 255 (40.6)
Height quintiles (cm)
144–173 1274 (20.6) 117 (18.6) 0.688b
174–177 1370 (22.1) 137 (21.8)
178–180 1122 (18.1) 111 (17.7)
181–184 1244 (20.1) 135 (21.5)
185–210 1177 (19.0) 128 (20.4)
Stress resilience score
Low (1–3) 1366 (22.1) 144 (22.9) 0.528b
Moderate (4–6) 3389 (54.8) 351 (55.9)
High (7–9) 1432 (23.1) 133 (21.2)
Cognitive function score
Low (1–3) 1245 (20.1) 113 (18.0) 0.404b
Moderate (4–6) 3312 (53.5) 350 (55.7)
High (7–9) 1630 (26.3) 165 (26.3)
Physical working capacity score
Low (0–3) 347 (5.6) 36 (5.7) 0.164b
Moderate (4–6) 3086 (49.9) 337 (53.7)
High (7–9) 2754 (44.5) 255 (40.6)
(b)
Height (cm) 178.7 6.44 179.3 6.40 0.045c
Stress resilience score 5.02 1.89 4.93 1.85 0.256c
Cognitive function score 5.20 1.96 5.25 1.92 0.505c
Physical working capacity score 6.29 1.80 6.16 1.73 0.078c
Values given as number (per cent) in (a) and as mean and SD in (b).
aQuarters of its distribution produced non-contiguous ranges for
crowding; bP value from chi square test; cP value from t test.
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diagnosis. The association of higher BMI in adoles-
cence with MS was equivocal. ESR in adolescence, a
marker of systemic inﬂammation, was not associated
with MS.
It is likely that household crowding alters the pat-
tern of environmental exposures, including to micro-
organisms. During childhood such conditions may
inﬂuence the nascent immune system through, for
example, gut colonization, infection and thus acquired
immunity. There is evidence implicating infectious
agents in the aetiology of MS [4]. The role of EBV
has been investigated and debated extensively. MS
patients tend to be infected at a later age [27–29], sug-
gesting that a primary EBV infection in earlier child-
hood may be less of a risk than infectious
mononucleosis in adolescence. It has been proposed
that an altered immune response to EBV following
late infection in susceptible individuals could be an
important MS risk [6]. In our study, a dose-dependent
association of greater household crowding when the
subjects were 4–8 years of age with decreased risk of
MS was found. It is hypothesized that household
crowding is a marker of increased exposure to infec-
tious agents in childhood, such that infections like
EBV may occur at an earlier age. An alternative
explanation for the inverse association between
greater household crowding and MS risk is reduced
parental fertility in MS [30]. However, this is unlikely
as household crowding was a better predictor of MS
than number of siblings. Crowding may be the conse-
quence of greater ﬁnancial adversity and poorer socio-
economic circumstances have in fact been associated
with lower MS risk [31]. In our study, the association
of crowding was independent of parental occupation,
a marker of material and cultural circumstances,
which itself was not associated with MS.
It is hypothesized that exposures similar to those
associated with household crowding explain the ﬁnd-
ings for stature; for example, sharing a bedroom
(which will not always be captured by the crowding
variable) may result in disturbed sleep and slowed
growth, whilst also altering patterns of exposure to
microorganisms. Greater household crowding has
been associated with reduced physical growth [32].
Growth hormone and other factors relevant to devel-
opment in childhood are secreted during deep sleep
[33,34], and frequently disrupted sleep in more
crowded households is a putative explanation.
Table 2 Associations with multiple
sclerosis Unadjusted
a
OR (95% CI)
P valueb
Adjusteda,c
OR (95% CI)
P valuebN = 6815 N = 6815
Household crowding (persons/room), 1960 census
0.2–1.25 Reference 0.0078 Reference 0.023
1.29–1.67 0.83 (0.67–1.02) 0.84 (0.68–1.04)
1.71–2 0.79 (0.63–1.00) 0.80 (0.63–1.02)
2.14–13 0.65 (0.51–0.84) 0.67 (0.51–0.86)
Head of household’s occupation, 1960 census
Manual worker Reference 0.431 Reference 0.793
Agricultural worker 1.05 (0.67–1.64) 1.04 (0.66–1.63)
Farm owner/manager 1.24 (0.94–1.64) 1.17 (0.88–1.55)
Oﬃce worker 1.20 (0.98–1.48) 1.11 (0.89–1.38)
Business owner/manager 1.03 (0.78–1.37) 0.94 (0.70–1.27)
Other 1.00 (0.68–1.46) 0.99 (0.68–1.45)
Height (cm) 1.01 (1.00–1.03) 0.041 1.02 (1.00–1.03) 0.019
BMI categories (kg/m2)
Underweight (<18.5) 0.97 (0.75–1.25) 0.884 0.86 (0.66–1.13) 0.410
Normal weight (≥18.5, <25) Reference Reference
Overweight, obese (≥25) 1.07 (0.78–1.46) 1.13 (0.82–1.55)
Stress resilience score 0.98 (0.93–1.02) 0.263 0.98 (0.93–1.04) 0.582
Cognitive function score 1.01 (0.97–1.06) 0.517 1.01 (0.96–1.06) 0.706
Physical working capacity score 0.96 (0.92–1.01) 0.085 0.94 (0.89–0.99) 0.026
Summary disease score
Very signiﬁcant problem (0) 1.00 (0.68–1.49) 0.021 0.96 (0.62–1.47) 0.046
Signiﬁcant problem (2–3) 1.73 (1.17–2.57) 1.67 (1.10–2.53)
Fairly signiﬁcant problem (4–5) 1.40 (1.04–1.88) 1.34 (0.99–1.81)
No serious problem (6–8) 1.04 (0.86–1.25) 1.02 (0.84–1.23)
No diagnosis (9) Reference Reference
aThe matched analysis took birth year, county of residence and duration of follow-up (age at
MS onset) into account; bP values are from the Wald tests for the overall association of the
variables with MS; cadjusted for all variables shown.
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The association of lower physical ﬁtness in late ado-
lescence (ages 18–19 years) with higher subsequent
MS risk can have several possible explanations. One
possibility is due to prodromal tissue damage in the
central nervous system. However, no evidence of pre-
diagnostic impaired cognitive function was found.
Exercise has been suggested to protect against other
inﬂammatory diseases [20], which may be an alter-
native interpretation of our ﬁndings for physical
working capacity. The association of BMI at ages 18–
19 years with MS risk was equivocal. Earlier studies
have identiﬁed a raised risk of MS in those with
higher BMI [10,35]. At the time of the conscription
examinations, obesity in adolescence was still rela-
tively rare in Sweden and may help explain the lack
of association with our categorical measure of BMI.
The weak association with the continuous measure is
consistent with some association of BMI with MS
risk. It is noteworthy that higher BMI cannot explain
the association of MS with lower physical working
capacity, as demonstrated by the adjusted analysis.
The lack of association with stress resilience suggests
that psychological stress is unlikely to be particularly
important in causing MS. The objectively assessed
measure of stress resilience has been shown to predict
risk of other diseases such as stroke [19], as low resil-
ience makes individuals more susceptible to stressful
exposures in daily life. This measure beneﬁts from
being recorded prior to MS onset and is unlikely to
be inﬂuenced by diﬀerential reporting bias.
A strength of our study is the collection of informa-
tion prior to MS diagnosis (clinical onset of MS tends
to occur between 20 and 40 years of age and those
with MS at the conscription examination were
excluded). In a sub-analysis, individuals with an MS
diagnosis in the 5 years following the conscription
examination were excluded and results were not nota-
bly altered. A disadvantage is that women, who make
up the majority of MS patients, could not be included
as military conscription was almost exclusively limited
to males in the study period. Diagnoses from the
NPR may not always be accurate, but in a previous
study similar results for MS patients from this register
and those whose diagnosis could be conﬁrmed in the
Swedish MS register were found [36]. MS diagnosis
has not been speciﬁcally validated in the NPR but
general estimates suggest acceptably high diagnostic
accuracy [22]. Since outpatients were added to the
NPR in 2001, patients with a more benign disease
course treated only as outpatients before 2001 and not
subsequently may not have been included in our
study. However, based on our experience of the Swed-
ish MS register (not used in this study), it is reason-
able to believe that this is a limited number of MS
cases. Other potential limitations include lack of infor-
mation on other factors relevant to MS risk such as
cigarette smoking [9,11]. Although not a substitute for
detailed information on smoking, adjustment was
made for ESR indicating systemic inﬂammation which
has been related to heavy smoking, although not
always consistently [37]. The study was not designed
to identify the speciﬁc diagnoses that might account
for the weak association between the summary disease
score in adolescence and subsequent MS, but adjust-
ment for this score is useful as it shows the associa-
tions with MS are independent of other diseases
already present at the conscription examination.
In conclusion, it is suggested that the inverse associ-
ation with MS for household crowding at ages 4–
8 years is explained by patterns of infectious exposure
in childhood relevant to future MS risk. There was no
evidence that chronic psychosocial stress, indicated by
stress resilience, is implicated in the aetiology of MS.
Early adverse consequences of disease processes prior
to MS diagnosis could not be seen for cognitive func-
tion in adolescence. Associations with physical capac-
ity may reﬂect a reduced ability to exercise amongst
those who would develop MS or there may be a pro-
tective eﬀect of physical ﬁtness.
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